Background: OCRL is a 5-phosphatase that dephosphorylates PI(4,5)P 2 and PI(3,4,5)P 3 . Results: OCRL knockdown by siRNA increases cell invasion by Listeria monocytogenes. Conclusion: PI(4,5)P 2 and PI(3,4,5)P 3 pools controlled by OCRL regulate actin dynamics during L. monocytogenes invasion. Significance: OCRL is the first eukaryotic lipid phosphatase implicated in a bacterial invasion process.
The Gram-positive bacterial pathogen Listeria monocytogenes is responsible for a food-borne infection characterized by diverse clinical outcomes including gastroenteritis, meningitis, and abortion (1) ; the capacity of L. monocytogenes to induce illness is highly related to its ability to invade the intracellular space of host cells (2) . Bacterially induced cellular invasion is accomplished through interaction of the cellular receptors E-cadherin and Met with the L. monocytogenes surface proteins InlA and InlB, respectively (3, 4) , which activate signaling cascades that ultimately lead to actin rearrangements responsible for plasma membrane remodeling and bacterial internalization (5) . Manipulation of the phosphoinositide metabolism is a major mechanism by which L. monocytogenes subverts cellular functions to promote entry (6) . InlB is the first reported nonmammalian agonist of the phosphatidylinositol (PI) 3-kinase p85-p110 (7, 8) , and production of PI(3,4,5)P 3 4 promotes the activation of Rac1 (9) and of WASP family members upstream of actin polymerization by the Arp2/3 complex (10) . The InlB/ Met interaction is also responsible for the production of phosphatidylinositol 4-phosphate by type II PI 4-kinases, which modulate a PI 3-kinase-independent pathway to favor cellular invasion by L. monocytogenes (11) .
Although the role of lipid kinases during L. monocytogenes infection has been documented (7, 11) , the role of lipid phosphatases has not yet been addressed. OCRL is a 5Ј-phosphatase that dephosphorylates preferentially PI(4,5)P 2 but also PI(3,4,5)P 3 to a lesser extent (12) , and its gene is mutated in patients suffering from a rare X-linked genetic disease known as oculocerebrorenal syndrome of Lowe, characterized by defects of the nervous system, the eye, and the kidney (13) . Several recent studies have highlighted specific functions of this 5Ј-phosphatase in diverse cellular processes. For example, OCRL has been shown to interact with clathrin and to participate in early steps of the endocytic pathway (14 -18) ; OCRL also controls PI(4,5)P 2 levels and promotes local actin depolymerization required for successful cytokinesis (19, 20) . We investigated whether OCRL could modulate the entry of L. monocytogenes in HeLa cells and observed that OCRL knockdown leads to a significant increase in bacterial infection. We also showed that OCRL is recruited to L. monocytogenes internalization foci when actin depolymerization takes place at these structures. Analysis of the association of actin and phosphoinositides to invading L. monocytogenes in wild type and OCRLdepleted cells leads us to propose that by reducing the levels of PI(4,5)P 2 and PI(3,4,5)P 3 at the plasma membrane, OCRL restricts infection through modulation of actin dynamics at bacterial internalization sites.
EXPERIMENTAL PROCEDURES
Cell Culture and Bacteria-HeLa American Type Culture Collection (ATCC) CCL-2 cells were cultured at 37°C in a humidified 10% CO 2 atmosphere in DMEM supplemented with 10% fetal calf serum (FCS). L. monocytogenes strains EGD, EGD ⌬InlA, EGD ⌬InlB, P14, and P14.PrfA* were grown overnight at 37°C in 5 ml of brain heart infusion medium (Difco Laboratories). Bacteria were washed three times with PBS before use to remove secreted listeriolysin O. Infections were carried out in DMEM supplemented with 1% FCS.
Antibodies, Probes, and Plasmids-For immuno-fluorescence staining or Western blot experiments, the following primary antibodies were used: R11 primary rabbit serum against heat-killed L. monocytogenes EGD, rabbit anti-OCRL (19) , rabbit anti-Met (C-12, Santa Cruz Biotechnology), mouse antiMet (DO-24, Upstate Biotech Millipore), mouse anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH: 6C5, Abcam), and mouse anti-actin (AC15, Sigma-Aldrich). Primary rabbit serum against heat-killed L. monocytogenes P14 (R217) was produced as follows. Bacteria were grown to A 600 ϭ 1, centrifuged, and washed with phosphate buffer (pH 7.4). Concentration was adjusted to 5 ϫ 10 10 bacteria/ml, and the suspension was heated at 60°C for 1 h. 5 ϫ 10 9 killed bacteria were emulsified with incomplete Freund's adjuvant and injected subcutaneously into rabbits. 6 and 12 weeks after the first immunization, animals were boosted following the same immunization protocol. Rabbits were finally bled 10 days after the third boost. Secondary antibodies for immuno-fluorescence staining were goat anti-rabbit or goat anti-mouse antibodies conjugated with Alexa Fluor 488, Alexa Fluor 350, or Alexa Fluor 546 (Molecular Probes). Secondary antibodies for Western blot were peroxidase-coupled anti-mouse and anti-rabbit sera (AbCys). F-actin was labeled with phalloidin-Alexa Fluor 647, DNA was labeled with Hoechst, and plasma membrane was labeled with wheat germ agglutinin-Alexa Fluor 555 (Molecular Probes). For protein expression, the following plasmids were used: EGFP-OCRL-a (Dr. F. Nagano, Curie Institute), EGFP-OCRL-a and EGFP-OCRL-a H507R (both siRNA-resistant) (19) , EGFP (Clontech), LifeAct-cherry, PH-PLC-␦-3-cherry, and PH-AKT-citrine (9) . Transfection was performed using the liposome-based FuGENE HD transfection procedure (Roche Applied Science) according to the manufacturer's protocol. Plasmids were used at a final concentration of 0.5 g/ml, and the transfection reagent was used at a final concentration of 0.3%. Transfections were carried out 18-24 h before the experiment in 24-well plates (Techno Plastic Products AG).
RNA Interference-HeLa cells were transfected with siRNA targeting OCRL (5Ј-GAAAGGAUCAGUGUCGAUA-3Ј synthesized by Eurogentec after a SMARTpool sequence from Dharmacon) or noncoding siRNA control (Silencer Negative Control #1, Ambion) at a concentration of 50 nM for 72 h. Lipofectamine RNAiMAX (Invitrogen) was used at a final concentration of 0.1%, and knockdown efficiency was tested by Western blot using the ECL Plus kit (Pierce).
Gentamicin Invasion Assay-L. monocytogenes invasion was measured performing gentamicin invasion assays as described previously (21) . Briefly, HeLa cells plated the day before or transfected with siRNA 72 h before in 24-well plates were infected with L. monocytogenes at multiplicity of infection 5 (P14.PrfA*) or 50 (P14, EGD, EGD ⌬InlA, EGD ⌬InlB) for 1 h. Subsequently, extracellular bacteria were killed by treatment with 25 g/ml of the non-cell-permeable antibiotic gentamicin for an additional hour. After lysis of the cells with distilled water and plating of the lysates on brain heart infusion agar plates, colonies were counted to calculate the number of intracellular bacteria.
Immunofluorescence Staining and Microscopy-For fluorescence microscopy, cells were plated in 24-well plates on coverslips at a density of 20,000 -50,000 cells per well. After infection with L. monocytogenes at multiplicity of infection 25-50 for P14.PrfA* or multiplicity of infection 100 for P14, centrifugation for 5 min at 1000 rpm, and incubation at 37°C for the individually indicated time, cells were fixed with 4% paraformaldehyde in phosphate-buffered saline (PBS) for 15 min. The antibodies against OCRL (rabbit) and Met (C-12, rabbit) were used at a dilution of 1:100 in PBS supplemented with 1% bovine serum albumin (BSA) and 0.05% saponin. Rabbit-derived antibodies for staining of L. monocytogenes were used at a dilution of 1:300 in PBS supplemented with 1% BSA without saponin for staining of extracellular bacteria or with 0.05% saponin for staining of total bacteria. Secondary fluorophore-coupled antibodies were used at 1:200 in PBS supplemented with 1% BSA with or without 0.05% saponin. F-actin was stained by fluorescent phalloidin and plasma membrane was stained with fluorescent wheat germ agglutinin, both of which were diluted 1:100. All antibody incubation times were between 30 and 60 min. Coverslips processed for immuno-fluorescence were mounted on microscopy glass slides using 5 l of Fluoromount G (Interchim), and images were acquired using an 100ϫ objective mounted on an inverted wide-field fluorescence microscope (AxioVert 200M, Carl Zeiss Microscopy) equipped with a digital camera (CoolSNAP HQ 2 , Photometrics) and the software MetaMorph (Molecular Devices). Background noise was removed by background subtraction using ImageJ and applying a despeckle filter using Photoshop (Adobe). For live-cell microscopy cells, were plated in glass bottom 35-mm dishes (Mattek) and transfected 24 h before use. Prior to movie acquisition, bacteria were added, and the dishes were centrifuged at room temperature for 5 min at 1000 rpm. Images were taken every 20 -45 s after transfer of the dishes to a prewarmed (37°C) AxioVert 200M, to a spinning disc system (PerkinElmer Life Sciences) equipped with a digital ORCA II ER camera (Hamamatsu). For some live-cell imaging experiments, cells were grown on 384 well plates (Greiner) and imaged on an ImageXpress microscope (Molecular Devices).
Image Quantification-Invasion was quantified by counting extracellular bacteria, visualized by bacterial staining prior to cell permeabilization, and counting total bacteria associated to cells, visualized by bacterial staining after permeabilization of the cells. Subsequently, invasion was calculated as the ratio of intracellular to total bacteria. The numbers of bacteria associated to transfected markers were counted by ocular inspection, and the ratio with intracellular or pEGFP-OCRL-a-positive bacteria was calculated. In each case, experiments have been repeated at least three times, and 25-800 bacteria were counted for each data point and replicate. Cellular GFP intensities were measured using ImageJ.
Flow Cytometry-For flow cytometry-based analysis of surface Met expression, cells knocked down for OCRL or control siRNA treated for 72 h were detached with trypsin, fixed with 4% paraformaldehyde in PBS for 30 min on ice, and stained with an anti-Met primary antibody (DO-24) 1:100 in PBS suplemented with 1% BSA and a secondary Alexa Fluor 488-coupled anti-mouse antibody, both for 1 h. The Alexa Fluor 488 fluorescent signal was measured using a FACSCalibur flow cytometer (BD Biosciences). Dead cells were excluded by gating for the living cell population. 10,000 cells were counted for each sample.
RESULTS

OCRL Depletion Promotes L. monocytogenes Invasion of
HeLa Cells-To evaluate a potential role of OCRL in cell invasion by L. monocytogenes, we inactivated this phosphatase by siRNA transfection in HeLa cells (Fig. 1A) and performed gentamicin invasion assays using five bacterial strains: wild type EGD strain serotype 1/2b, EGD ⌬InlA, EGD ⌬InlB, wild type P14 strain serotype 4b, and a hyperinvasive P14.PrfA* strain. As shown in Fig. 1B , inactivation of OCRL doubles the number of intracellular EGD strain after 1 h of bacterial infection followed by 1 h of gentamicin treatment to kill extracellular microorganisms. Similar results were observed using the P14 and P14.PrfA* strains (Fig. 1B and supplemental Fig. S1 ), indicating that our results are not restricted to one specific L. monocytogenes strain. OCRL knockdown promotes the increase of the EGD ⌬InlA strain intracellular counts but has no effect on the background entry levels of the EGD ⌬InlB strain (Fig. 1B and supplemental Fig. S1 ), indicating that OCRL modulates the Met/ InlB-dependent invasion pathway. We further assessed by microscopy the effect of OCRL inactivation on L. monocytogenes entry and confirmed that more intracellular bacteria are detected in OCRL-depleted cells in comparison with cells treated with control siRNA after 1 h of infection (Fig. 1C) . To investigate whether OCRL knockdown affects the L. monocytogenes entry step into target cells or whether OCRL modulates bacterial intracellular proliferation, we quantified in gentamicin invasion assays the number of intracellular bacteria at 2, 3, and 5 h after infection. As shown in Fig. 1D , we did not observe differences in the bacterial intracellular replication rates between control and OCRL-depleted cells, suggesting that OCRL knockdown specifically enhances the entry of L. monocytogenes into host cells. To verify that bacterial post-entry steps are not affected in cells inactivated for OCRL, we assessed the formation of actin comet tails by intracellular L. monocytogenes in control and OCRL-depleted cells 5 h after infection. We observed that bacteria are still able to polymerize cytoplasmic actin in cells inactivated for OCRL (Fig. 1E) , demonstrating that bacteria are able to reach their final intracellular target compartment in cells lacking OCRL and that the infection process is productive in these cells. Altogether, these results demonstrate that inactivation of OCRL promotes the entry of L. monocytogenes in HeLa cells. (18) . We therefore examined the distribution and expression of Met in control and OCRL-depleted cells to evaluate the hypothesis that OCRL inactivation could potentially lead to an increase in the surface expression of Met and therefore facilitate bacterial entry. Using the C-12 antibody, which recognizes the intracellular moiety of the Met ␤-chain, by immuno-fluorescence microscopy, we observed in control cells a strong and fine Met signal that is distributed along the whole cell body including the cell periphery and the perinuclear area. In contrast, in OCRL-depleted cells, we observed a weaker Met signal that is confined to bigger punctate structures ( Fig. 2A) . By flow cytometry of nonpermeabilized cells using the DO-24 antibody, which recognizes the extracellular moiety of Met, we could show that OCRL depletion leads to a significant (p Ͻ 0.01) reduction of Met surface levels in HeLa cells (Fig. 2B) . Western blot of whole cell lysates confirms an important global reduction of Met levels in OCRL siRNA-treated HeLa cells (Fig. 2C) . Therefore, OCRL inactivation does not increase but rather decreases the levels of Met receptors available for interaction with the bacterial invasion protein InlB, suggesting that the augmented L. monocytogenes invasion upon OCRL siRNA knockdown relies on an active mechanism directly related to cell signaling downstream of Met.
OCRL Depletion Does Not Increase Surface Expression of Met-
OCRL Is Recruited to L. monocytogenes Invasion Foci-To understand how OCRL modulates the entry of L. monocytogenes in target cells, we investigated the cellular distribution of the lipid phosphatase in infected HeLa cells by immuno-fluorescence microscopy. Using an antibody against endogenous OCRL, we were able to detect an enrichment of OCRL-positive structures at sites of bacterial internalization at 10 min after infection ( Fig. 3A and supplemental Fig. S2A ). Transfection of HeLa cells with an EGFP-tagged version of OCRL-a leads to a more pronounced association of the lipid phosphatase to the L. monocytogenes internalization foci ( Fig. 3B and supplemental  Fig. S3A ). Plasma membrane labeling with the fluorescently tagged lectin wheat germ agglutinin shows that OCRL accumulation around invading bacteria does not always colocalize with the plasma membrane marker (supplemental Fig.  S2 ), suggesting that OCRL labeling is specific and does not necessarily appear whenever plasma membrane accumulation is detected. Performing an immuno-labeling experiment, which differentiates extracellular and partially internalized versus total bacteria, we showed that GFP-tagged OCRL-a is mainly associated to fully internalized L. monocytogenes (Fig. 3B) . Quantification of the relative ratio of extracellular versus intracellular bacteria, which are labeled by EGFP-OCRL-a, indicates that almost 70% of the EGFP-OCRL-a-positive bacteria are intracellular at 5 min after bacterial inoculation; this value increases to 96% at 15 min after infection (Fig. 3C ). These results demonstrate that OCRL is recruited to L. monocytogenes invasion foci during the very early stages of bacterial internalization in HeLa cells.
Actin Polymerization Precedes OCRL Recruitment to L. monocytogenes Invasion Foci-Because the lipid phosphatase activity of OCRL has been described as a modifier of the plasma membrane levels of PI(4,5)P 2 (12) , which is itself an important regulator of actin polymerization, we investigated the distribution of actin and pEGFP-OCRL-a during L. monocytogenes internalization. At 10 min after infection, we detected bacteria that were positive for endogenous OCRL or EGFP-OCRL-a but not for actin (Fig. 4A) . Quantification of EGFP-OCRL-aand actin-positive bacteria by immuno-fluorescence microscopy revealed that double-positive bacteria were only abundant during the first minutes of infection; at later time points, larger bacterial numbers were found positive for EGFP-OCRL-a but negative for actin (Fig. 4B) , showing that presence of actin is inversely correlated to EGFP-OCRL-a presence around invading bacteria. Live-cell imaging of HeLa cells transfected with EGFP-OCRL-a and LifeActCherry (a fluorescent probe that labels F-actin) revealed that actin polymerization precedes EGFP-OCRL-a recruitment to bacterial internalization sites (Fig. 4C) . Altogether, these results suggest that OCRL recruitment to L. monocytogenes invasion foci could be implicated in the depolymerization of actin upon bacterial internalization.
OCRL Depletion Restricts Actin Depolymerization at L. monocytogenes Invasion Foci-To verify that OCRL function could regulate actin dynamics during the L. monocytogenes invasion process, we inactivated OCRL by targeted siRNA transfection and analyzed the association of actin to bacteriacontaining compartments by immuno-fluorescence wide-field microscopy in fixed HeLa cells. As shown in Fig. 5A , depletion of OCRL leads to an increase in the number of invading L. monocytogenes associated to actin at 15 min after infection. Moreover, by time-lapse microscopy in living cells, we observed that the average duration of actin association to invading bacteria increases from 5 min in control cells to 14 min in cells inactivated for OCRL (Fig. 5B) . Because, as mentioned above, OCRL major substrates are PI(4,5)P 2 and PI(3,4,5)P 3 , we investigated whether OCRL depletion could modify the association of these phosphoinositides to invading L. monocytogenes. PI(4,5)P 2 and PI(3,4,5)P 3 , visualized using the probes PH-PLC␦-3-Cherry and PH-AKT-citrine, respectively, were detected at bacterial entry sites ( Fig. 5 and supplemental Fig. S3 ). As shown in Fig. 5 , E and F, we observed that larger numbers of PI(4,5)P 2 -and PI(3,4,5)P 3 -positive bacteria are detected in OCRL-depleted cells in comparison with control cells. Our results therefore suggest that by decreasing the levels of PI(4,5)P 2 and PI(3,4,5)P 3 , OCRL coordinates the depolymerization of actin during L. monocytogenes invasion of target cells.
OCRL Phosphatase Function Is Responsible for Restricting L. monocytogenes Invasion and for Promoting Actin Depolymerization at Bacterial Entry
Foci-To definitively establish a direct link between the OCRL phosphatase function and actin depolymerization at L. monocytogenes internalization sites, we inactivated OCRL in HeLa cells and additionally transfected these cells either with wild type EGFP-OCRL-a or with the EGFP-OCRL-a H507R mutant form devoid of phosphatase activity (both OCRL versions are siRNA-resistant) to assess by immuno-fluorescence microscopy the numbers of intracellular bacteria and the levels of actin association to bacteria-containing compartments. As shown in Fig. 6A , transfection and overexpression of wild type EGFP-OCRL-a in OCRL-depleted cells lead to a decrease in the numbers of intracellular bacteria, whereas transfection of the EGFP-OCRL-a H507R phosphatase-dead mutant does not rescue the knockdown effect as compared with cells transfected only with GFP. In a similar assay, we were able to rescue the levels of actin associated to bacterial compartments observed in control cells if EGFP-OCRL-a was overexpressed in OCRL-depleted cells, but no effect was observed when the phosphatase-dead mutant was transfected (Fig. 6B) . We measured the fluorescence intensity of individual cells expressing low to medium GFP levels in each condition, and we observe that the mean fluorescence level is similar in all the conditions (Fig. 6C) , suggesting that the transfection levels of the different OCRL variants does not account for the results shown in Fig. 6, A and B . These results demonstrate therefore that the phosphatase activity of OCRL is responsible for restricting the entry of L. monocytogenes by controlling actin dynamics at sites of bacterial internalization.
DISCUSSION
Actin polymerization during invasion of host cells by L. monocytogenes is a critical and tightly regulated process. In cells devoid of E-cadherin, entry is mediated by the interaction of InlB with the receptor Met, leading to the recruitment of protein adaptors including Gab1, Cbl, and Shc, which are involved in the translocation of the PI 3-kinase p85-p110 to the plasma membrane (8); production of PI(3,4,5)P 3 leads to the recruitment and activation of Rac1 and Cdc42, which activate proteins such as N-WASP and WAVE, promoting actin polymerization via the Arp2/3 complex (10). Proteins of the enabled/ vasodilator stimulated phosphoprotein (Ena/VASP) family, which favor actin filament elongation, are also central to the cellular invasion process (10) . Interestingly, actin depolymerization also needs to be tightly regulated, as demonstrated by the observation that perturbation of the actin filament-severing activity of cofilin (by overexpression of the LIM kinase 1, which phosphorylates and inactivates cofilin) leads to the accumulation of actin cups at sites of bacterial internalization, inhibiting infection (22) . The results from the present study demonstrate that the lipid phosphatase OCRL also participates in the L. monocytogenes invasion process by restricting invasion through the reduction of the levels of PI(4,5)P 2 and PI(3,4,5)P 3 at the plasma membrane, therefore moderating local polymerization of actin at bacterial internalization sites. The activity of protein phosphatases such as SHP-1 has been reported to down-regulate phagocytosis (23) ; however, to our knowledge, OCRL is the first lipid phosphatase reported as being involved in the control of a bacterial internalization process.
At present, only two previous studies have investigated the function of OCRL during bacterial infections (24, 25) ; however, in both cases, OCRL seems to regulate late intracellular stages of bacterial life within host cells. In one case, it was shown that Dd5P4, which is the Dictyostelium discoideum homologue of OCRL, localizes to Legionella pneumophila-containing vacuoles and that inactivation of this lipid phosphatase leads to more efficient bacterial replication (24) . This result suggests therefore that Dd5P4 restricts L. pneumophila replication within D. discoideum, and it was hypothesized that the OCRL homologue modifies by a still unidentified pathway the maturation of the bacterial vacuoles, restricting their late interaction with the endoplasmic reticulum (24) . In another study, a different scenario was observed during cellular infection by Chlamydia trachomatis and Chlamydia pneumophila. It was reported that OCRL is recruited to chlamydial inclusions but that inactivation of the lipid phosphatase leads to a decrease in infection, suggesting that OCRL is required for the successful remodeling of the chlamydial inclusions to support bacterial growth (25) ; production of phosphatidylinositol 4-phosphate by dephosphorylation of PI(4,5)P 2 by OCRL at the bacterial inclusion surface seems to be the key step that promotes a positive maturation of the chlamydial inclusion (25) .
The role of OCRL in restricting the entry of L. monocytogenes in target cells is highly reminiscent of a function recently described for OCRL in the regulation of cytokinesis. Indeed, two recent studies indicate that in human (19) and in Drosophila cells (20) , the inactivation of OCRL induces a perturbation of PI(4,5)P 2 levels leading to cytokinesis failure. Detailed analysis in human cells reveals that higher PI(4,5)P 2 levels in OCRLinactivated cells are associated with abnormal actin levels at the intercellular bridge, which interfere with the completion of cell division (19) . In the present work, we report a similar scenario in which we show that the increased levels of PI(4,5)P 2 (and also PI[3,4,5]P 3 ) in OCRL-inactivated cells correlate with sustained actin association to bacterial invasion foci, ultimately favoring the entry of L. monocytogenes in host cells. PI(4,5)P 2 can directly contribute to the activation of several signaling cascades leading to actin polymerization (26) . However, as mentioned above, during the internalization of L. monocytogenes, production of PI(3,4,5)P 3 is a key event that triggers polymerization of actin (7) (8) (9) . OCRL could modulate bacterial entry both by limiting the plasma membrane levels of PI(4,5)P 2 that can be converted to PI(3,4,5)P 3 upon InlB-induced Met stimulation and by directly reducing PI(3,4,5)P 3 levels, and our results suggest that both mechanisms could act in parallel. However, the sustained association of L. monocytogenes with F-actin upon OCRL knockdown does not block entry, as has been observed upon cofilin inactivation, which induces F-actin accumulation beneath invading L. monocytogenes and inhibits bacterial internalization (22) . We hypothesize that inactivation of cofilin leads to the accumulation of a pool of actin filaments that are nondynamic and therefore cannot support further cytoskeletal rearrangements required for phagosomal dissociation from the plasma membrane, whereas OCRL knockdown does not inhibit actin dynamics, and therefore L. monocytogenes phagosome maturation can take place.
Our results concerning the role of OCRL in the restriction of L. monocytogenes infection but also in the regulation of the distribution and expression of Met in HeLa cells are in complete agreement with a very recent publication in which it was reported that OCRL depletion impairs the recycling of multiple classes of cell surface receptors that are retained in engorged early endosomes (27) . Moreover, trafficking defects are caused precisely by the accumulation of PI(4,5)P 2 that promotes an N-WASP-dependent increase in endosomal F-actin (27) .
OCRL is a structurally complex protein presenting several domains that promote its association with clathrin, with multiple Rab proteins, as well as with Rac/Cdc42 (16, 28) . Our rescue experiment using a phosphatase-dead mutant version of OCRL indicates that the phosphatase activity of the enzyme plays a critical role modulating the association of invading bacteria to the actin cytoskeleton. However, we do not exclude that interaction of OCRL with some of its molecular effectors can also modulate bacterial internalization.
